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Introduction '

s.

4

Th study explores-certain aspects of the relationship between repre,

sent tions of students' knowledge structuresof science subject matter and

0.
-

eir success in.solving verbal ac calmic problems. The students *are eighth

gracier , the subject matter is' descriptive geology, and _the prOblems-are

verbal analogils and set- membership tasks.
4

N
3.

The research reported here relates to the long-term research goal of

,the.Scientifio Problem Solving , Inquiry Project of the Learning Research

.:'
,

and Development Center, viz., to jdentify components'and processes necessary
. ,

for the doSiga of instructional programs to teach science-.problonsaiiAtudentsr
.

.., .
.),

,at th ntary and middle school levels.. The focus of our initial wo ,.:.

;-
has been to determine methods for probing tudents' knowledge struc,1,'tlire , to

.. . .. . ,

relate representations.ok stildent'knowledg structures to.problem-solving

comi3etence, a vand ;o assess the conarbence between sciee content structures

as repreSented in science' instructional and changes-in the repre-
. --

1 ''N.
.

.. . A
.

senons of knowledge structures of students after exposure to instructional
.

r -7
,t.

materials.
a

1, Our research bridges the theories and research paratidgms of cognitive

sychalogy and the technology of instructional design. We view ourselves.

Priiarily.as science edUCators actively engaged in bringing psychological

tl'4100ri and - research to bear'on science inst*uAioli.

. .

'Knowledge structures and:their'relationships to.problem are areas
,

'aetiVe.theoretical.ipeCulation and empirical research'in the field of

X
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cognitive psychbIogy. Several individuals (e.g., 4ohnsOn, 1971;,
,

Shavelson, 1974)\Who have made important theoretical and methodological_

contributions to- tie research. on science knowledge-sttuCtures have poihted'

\opt 'tAt-tlie,knowledgederived from thiS'Workbas important.iMplications
. a ,

for instruction. Nevertheless, differing perspectives on the relation-
,.

,.

)

. - ,- ,
_

'
. ,

ship between knowledge structures -an4 problem solving are evident in the

literature. Paul Johnson (1969) suggests that more can be learned about,the
,.

-
understands.extent td-which an individual a portion Of science content by

, ''. ,,
4' , , . . .

analyzing that individ4al's represintatiOn of the relationships among the

4
important concepts ;elated to the content area than by asking the student

. .

,..

to solye pr'oblems.. Conversely, Bhaskei and.Simon^(1977):states the.impor-
A

stance of knowndge structures to the ability to solveproblems'.

-; Th&-theoretica and, empirical links between analogies and.knowle
. .

,
_- ..-. v

° '--
°

structures has been discussed in the recent ilierature of cognitive psyCho.1-
..

:

.-

ow. \nvestigators suCh=as Greeno (197 ), have studied'

. _

)
. 0

e- .N...- ,- -

the reasoninrikills involyed in solving analogies anA bave begun.to-estab-reasoning' skills
, 1 ,7-

, .

.'lish links between these skills and other. mental operations,4pspecially*
... -,.

those frequently associated with problem solving. 'Amalogicil reasoning is.
..-

.:. ' 4 -) %

described,essentially as a rule induction_prOcesS in 4h*ch'4h;.individUal 0 ' N.

-
, . .. . t

-, i.
. ,,.. .

.
.

2.searthes fOr reiatiOnshipsaMong concepts, i.e., constructs' a'topcept struc- -- ;
) ° -,=.; t: .) . .ture Thus, such proCesses play an dpportant:rokein_the development of

, ,-. ,-...4;
concepts and of "knowledge networits.' . ,,

. . ,

I

0 .. .

. c. ,
`Set- Membership -tasks are a type of verbal problem thaehas mot been-. .-- ' ,. p

I
p : 0 I

ii
used 'often, if at all, in-studies .of knOwledgestructureg:

0

These tasks . 1 .1:,

. .,_ ? " , .. ..

have features similar to verbal analogies::'An enmp e a set. membership %,- .4- . .

ir' . , - >_,..,, -- :
tas4 is the following: Put an ;X on the word that iods notbe(ong.in thit-

.

sett, Eight Twd,Wple Five. Students must "search their knowredge structures":

)

0 N,
4-
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J

for relations that link concepts. Set membership tasks 'Contain-the added

difficulty, however, that the individual is not provided with the "hint"

of which terms-"contain" the "hidden" relationship. Instead he must search

all fofr or five terms for the pertinent relationship.

.

The previous work done in investigating science knowledge structures

and their relationships t6.prOblem solving has been done withcollege and

high school students and has used content from highly formalized science

disciplines; e.g.,' echanics (Johnson, 971; Shavelson, 1974), mathe-:

matics (Gees-lin, 1975), and thermodynamics' (Bhaskar- ft.Simon, 1977). Ou'r investiga-

tiOns have been done with 61h, 7th, and 8th graders, and.,we have used con-

tent from a much less forMalized discipline, descriptive geology.

ft

Procedure

,

-Instructlonal Materials,/ Setting, and. Sample
. . J

The-instructionalv
I
material used ip this research deal with the subject

r

afminerals.and rocks, and,consi of a segment of the field-testing yers/ion

of the Lyell Unit of the Individualized Science program (Champagne and

Klopfe, 1974, 1972-197.5) -The Lyell.Unit includes aspects 'of descriptive ,

IC

NI

historical, and physical geology. The Invitation to Explore (ITE) Minerals -

- -\-

,

..:
AY

.

. .

and RoCks is primarily'desctiptive geology. Theetudent!s booklet for. the ' ,

. '141-
:

. , .

. . .

ITE is'67 typewritten peges,long,.and consists of reading text, manipulative
., .,

..

activities, and student self-adMinisiered progress tests, On the average,
. - ,

0, ,
,, . .

a student completes the ITE in three to four. weeks'with five 45.minute periods

per week.

The ITE Minerali and Rocks was designed to incorporate structural features
i..

- ,..

of the contentof descriptive geology. The struttural,relations,inclUde'hier-- ,J:,

. .
.-:

.

archical class-incjusion, transformational, and dehnitional relations, The *,
. ,

ITE is organized, in part, around thedefinjtion ofi mineral tut ttle'taxoriomic :-

.

5
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.

classificationof rocks.. ,The two mostimportant structural relations, one

.-'
, ., .

hi raicai anctthe$other transformational, are the classifitafion of rocks.
I 4 , .

.

on Vie basis of how they form and the rock cycle through which, each of-three

. '
..

-kiiids.of rock,--igneous, metamorphi4, sedimentaryHcan be transformed into
.. , .. .

either of the other kinds.

c 4

,

.

The ITE begins by setting \structural context fo the student; The
.

,

..

,:,contenf-structure is described in the text, and is represe ted visually with

_a drawing thailaustrates both the iderarchichal relationships among Major
... .

concepts -and examples of
.

the cOnceptst. the introductory narrative summarizes
k p

these relations. They are elaborated on throughout -.the text of the ITE.
.. .

f , , 1. -

Transformation:4 relations are another majorm6tructural feature represented
-, .

in the text of the ITE. The design of our instruction in the ITEMineral

and-Rocks was executed with structural principles explicitly in mind to

t the student's learning and retention of the science concepts. However,

as suggested .in the introdUttiomiof this report, we also did this with an

.eye toward the proposition that structural,learning'facilitates students'

114krobiem-solving abilities,

--"The study 'was carried

%, 11 large city: The school's
. ,,
.

fh
. ,

. come Trpm Uddle Glass homes in e immediate neighboihood% Class size typi-
. .

, ,,

. ,
°ally Tanges between 25 and 35 student's. '

--
. .

-

.
, .

IThe'science.teacher selected 30 students, 17 female-:and 13 male', ;from,,, - -,

out in a sectarian-elementary school, loCated in
.

-.
pproximately 400 students in grades K through 8:

t' '7
'the eighth-grade classes, to participate inthe.stUdy. None of these students.

, ,
".

'had(i)reviouslyjedeiveSinstructipn in ieology.'!-Ali students had.,veviously
.

. .
. . .

4. 7--

.1tUdied other "units ,in the

'utilize 'selfyiirstructional

e'er
Consequenly- all studentt

,%inOTUctignO. miathials.
s.

IndividualiedScience program: .TheswunitS

materials similar,to the TE Minerals and Rocks.
'Z . 0

were familiar'.witli the me hani.4 of using the

re 1

4
Ci

4f

r.

. f
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Pre- and.Post-Tests, and Concept Structure Analysis Tasks

\The study 'followed the pattern outlined below.

I. . Pre-instructional Concept-Structure Analysis tasks probing'for .

.

Structural knowledge about atoms and Molecules, minerals, and rocks.

2. Pre-test on.science content contained 'in 4e ITE, analogies, and

.- .

set membership.

3. Instruction using the.ITE Minerals and Rocks.

4. POspet--saMe as pie-test. '

.

5. PoSt-instructional Concept-Structure Analysis tasks - -same as

pre - instructional tasks.

The,studywas carried out olter a period of six weeks, with one week

5.

for administering the Concept=StructUre Analysis tasks both before_and after.

four weeks' of instrudtion. A three-part test was administered just prior to

.instruction As a pre-test and again when instruction was completed'as

post-test. The three parts of.the pre- and post-tests/consisted of:' (1)
4.

a standard, multiple-choice.item test coveriffgtfle science eontent'of the
. .

.
.

ITE Minerals and Rocks, (2) a 17.-item analogies test of.key-terms used in , -. i,

, , .,, .

4

,-.7,

`"i. the instructional materials, (3) a 12-item set'membership. test where each :.

-4 item contains a'set of four terms, one of 'Which the(student had to identify
=

..; .

as not belonging to the set. (Representative iterils from parts 2 and 3 are

.

..shown in.Tables 6,.7tand8 below.). The pre.:I.andpost-tests.differed only

r± in part 1, whicly Contained 45 itei responses On the pre-test and additional
.

' 16 .

. .

, .,

- responses onthepost-test. These tests'were aaministered,by theeclassroom
. No . . '

teacher.

0 2
The Concept- Stricture Analysi6 tasks. were administered in three parts.,

0'

I
.° ,.., .

,The first part probed studen ;s' knowledge structures of-prereciuisite science
.- , 1.- , ,**.,.

. ,

concepts,.i.e., conceptt.the designers presumed-students comprehended and

.:.'. ;,, ''.... , 0

'which. were-necessary^for 'Comprehension
4

of. the science content in the ITE
. ,-

,
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,MineralS and Rocks. The second part pro'bed structural knowledge of minerals:

and the third part Concerned structural knowledge of rocks..- For each task,

we used a different set of cards, on which the concepts were printed.

The Concept- Structure Analysis Tasks were individually administered

by a single experimenter, in the following manner. Each student was-told of
. -

.'the purpose ofthe study and was then led trough a practice task that con-
...L..

sisted of cards, containing familiar anatomical terms. The terms included in
.. ,,

,

each set are listed in Figure 1 under their respective headinu:/-practice

Task, ATOM:TaA, MINERAL Task; nd ROCK Task. For both the,practice-task and
. 0 .

1

each succeeding task,, the student was shown the set of cgrds.and asked ifls)he

recognized each term intheset. "Then,using therecognizedterms, the studefit was

'told that the object of the task was to arrange,the cards in a way that would

Allow"hcvygidthink about the words." The arrangement was laid out on a large piece
- A

of pAper (28 x 41'cm) and.the cards, wffiahad an adhesive on their reverse

sides, were pressed into place. The student was then asked to explaili why he

or. he nged the words in this particular way. The responses were

.recorded by draWing lines on the paper betwegeards designated by the stu-

dent and writing in the relations bit-Ween words as described by the student.

TheprOcedure.for adpinistering-the Concept-$trucutreAnalyVs task'was thee

,same before and after instruction, except that,it Was unnecessary to conduct

.the practice task Onethe post-instructional administration. .

0

INSERTFGURE 1 ABOUT HERE
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Analyiis of Knowledge Structure

qevisingba reasonably bbje

hods of Analysii

teristics of the knowledgeaftru

NV7

Representations

ive method for analyzing salient'charac-.

dents presented a considerable c

ture representations generated by the stu-

allenge. The method we devised depends

On ascertaining, the degree of c rrespondence between students' structures

7

and an "expert" structure. The ert istructure is developed by individuals

knowledgeable about geology and t e instructional materials used in the

study. Tie degree of corresponde ce etWegn student and expert structures

is ascertained by assessing the extent) to which certain crucial attributes

of the expert structure are prese

a cargful analysis, of the expert

tions of the crucial attributes i

n the student structure. First,-froth

ucture, we prepare qualitative )esCrip-

exhibiti% Then wesearch the student
. .

structure for the attributes and, depending on whetherthey are present or

Absent, we assign the student structure to one of severalstructure classes.

These structure classes, which

'crucial attributes of the expit

inecomplexity. In tfie lowest

sl:,
e.defined-chiefly on the basis ofathe

-

structure, are arranged in order of.increas-

tructurerclass, the organizing attribute is

f

_simply some graphemic property common to the-words themselves. In the more

complex classes, the,words are

'which are structured accordiir,
raf-,

different eeries_oE structur
-.100

.:_everyset of conceptsiprese ted in atoncept Strpcture Analysis task.

treated as concepts and it is the concepts

to various attributes.tbat relate them:. A

classes has to be-defined, of course, for .

For both thelOCK and/MINERAL COnkepts which were;uted ip. our struc-
-

. - /

turing tasks; we carried

tions as outlined in th
.

out analyses of-the

preceding paragraph

knowledgsructure represente-
. Ite,

. .-A detailed description of
e _

how we analyzed,the ROCK concepts And defined the ROCK structureclasses
e .'q ,

A

is Champagne et al. (197-7). 'Froi that analysi, we reproduce here
-

.
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J

the expert structure for' the ROCK concepts (Figure 2) and the chart 'sum-

.%

ail 1marizi4 the ROCK structure .clit5es`.(Figure 3). The a ysis of the MIN--

ElIAL concepts is given .In ,the,foliowing paiagraphs.

INSERT

..... .... .. 1. .. ..

FIGURES22 and 3 ABOUT HERE

I
MINERAL Structuring Task-

.

Given the words and'phracses of the MINERAN Concepts Structuring Task,

(see Figure 1), the definition of a mineral provides one major structure,

which is shown in Figure 4. Mineral class membership and non-membership 1

relations form a second structure,. .shown in Figure S. The hierarchical

V

relations that exist between a speCific kind of rock, the minerals of which

the rock-is composed, and the minerals' chemical compositions, expressed

using bothta chemical name (e.g., calcium carbonate) and a chemical formula

(e.g., CaCO3), define a third structure. bus hierarchical structure-is illus-

Figure 6. (Although Tlis.sthicture is designated "hierarchical,"

be noted that it is composed of two-4ifferent relations: Limestone'

trated in

it should

physicallycontains-calcite crystals. Caacite "contains" calciut carbonate

in the sense that, upon chemical analysis, Oevineral. Caltite will, by:found
. _ ,

'to consist of calcium' carbonate,

cium carbonate. -
-11--

Which is pr'eXumeirto mean molecules of cal-
.

. 7
:.".."

INSERTI,FICaggS'<,,S, and 6 ABOUT HERE

JIhe structure IhFigure 7 is a pepresentation reflecting the chemical

,ielationAips among the,4igords, as contrested%with the geOlogical relationaips

ti
represented in Figure 6. N$5te particularly that from a chemical perspective,

calcite, limestOhe, and sea shells are'rqughly analogous, while geolagicallyi

they are qUite distinct. Figure 8 depicts graph4ally.how the heroical

p
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ai

properties of several substances are compared with the properties, hat define
. .

,

the characteristics of minerals to determine whetheror nit the s bstance in
A.

question is amineral.
a

'INSERT FIGURES- 7 and 8 ABOUT MERE_

,The integration of the_ six structures shown in Figures 4 through 9 into

one expert struct e is somewhat easier to perform "in the head" thanon

paper. AS we'hav done it (Figure 9),many of the subtleties .of the-;six

separate structures are no longer evident. Nevertheless, this integrated

structure does depict all the estentaii relationships shown in the sepayate

structures_and, theretorelan_serve .a.tisfactorily_asthe_expert structure.,
a

By analyzing this, expert structure, we can identify the crucial attributes

exhibited in it and preptre a qualitative description of these. Using the
0,

k""descriptions of the attributes, we designate a series of structure classes

for the MINERAL Concepts Struc turing Task'. A Summary of these M ERAL struc-,-
. . ,

ture classes is shown in the chart of Figure 10 This chart is
.
similar in

form to the one shown in Figure 3 for the ROCK strcture classes, and the

-

'function which the two charts servefor us is the same

INSERT FIGURES 9 and 101ABOUTHERE
*

identification of High- and Lti-StructUrint Groups. ,
..

The main purpose-of.our analysis ofknowledge structure representations
:,-

. ,
. . .

,

''is.-to eStablisha means bihich "hifghm' structuring students and,"low" struc-
--:,-,

taring
StudentseinHbe

identified. .Oncea serfe'S*Ofttructure cliisei'has:,-, ., , e
A

. . : .41 .. ,_,-

been designated tor' a-set.of coppepts, we can use the' descriptions of the
,. ..

.

classes to decIde whichsattributesostadent structures, must display to classify,

them as high or16W stracturer§.' Sin etwo series of structure classes were
, .1"' ' .*: 2 7 .4?

.

-1
s.
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4 4,

were identified.

constructed, one for the'ROCK,concepts (Figure 3) and andtheY' for the, /

MINERAL coAcepts (Figure 10), corresponding high- and low-strU'dturinggroups

s ,

For the ROCK NCOncepts Structuring ,Task, high structurers were those

s .

students 'whose structures 'displayed atlisibUtes equal to or greater than
s

'

s . those. ofci$ss W-5 on the ROCK structure classes (see Figure 3). The criter-
,

) ., .

ifon'on for low structurets was ,a rating -of \less than or eqUal to Blass W-. on
. . -.

- ) ... ,

the post-instructional ROCK task and a rating of less than -class W-3 on
. -

-,.
..i 't

.s the . pre-instructional .1ppou task. _

,.

For the ;MINERAL Concepts Structuring Task tile only student whose
...'

a

, -
MINERAL ,structure was rated

,

as
I.

class W-5' orW-6 (see 'Figure 10) on the
Z.

I i . , -44
Z. .

a J
I's pre- so post-task was designated a high strititulipr:, A student wha was i

%
.

l'iated as class W-3, or lower on- both there-An8 post-task. was designated

.

.a low strucuirer,
,

, ,
.

'''.,. ---)'

Anaiyses o s and Iteps -- '

#01.1
. .

4
..

o ._ .
.. .

Pie=ihree: parts oethe written test -',weadministered before and after
3 . , 71

-1

t

.-
instruction yielded.Scorts,foreach studetitq Performance on testing--

.:,

'':for .4eCology Knowledge (p4,rt I.) and. on' two" s .ofcmerbal 'problem ;,items, ... ,

1,'. 4
. a , .1 ,

sAthalogiei: (pai4 2) land Sot- Membership p-(patt-3) .,_ iste . also obtained each
.. , , , i,..); ' ,, . s: .

student's "I.Q: score, .based-o a -ecent adMinistiation of, the Otis :Lennon'
. . , ,,;. , - 4'

' ` ' &
.

1' Abliities ;Test. 'Forh, eireri 'Score ;4 the, uitia-r Cleicriliiive statistiC -
...

. ,i, ,
. werecattula-wd. for- tlfe total grabp,-..,of 'stUdents , as-well as the ptodu'cfL_

.T_ .
N

....
.V; : ' ...

. . j ' .., '... 0 ,4, -7 '-.

moment correlations betweelv_every pairof scores. Using .aft="test foi':' k,c.1
,,.. ', L:- c. 2 _.

correlated groups,' we tested. thesignifiaite 0 the differente "beiKeekthe:'

=., /Means befoteand "after instiite't i on ;on-eadh scO'rei. The .- Same -sequence 0,
o, ..

...;\ . v...., , .. au

C anal 'es,,was;repeated, four tiMesI .for %Student,. hb;yere identifid -for the 1. . .

.i,

. .. -, . 0.. , .., .. ,,p r .
itigigst during gioup:On 'the basis ..pf,the,ROCK Concepis Structuting 'Ta' tx, ',.. .;

.... 444.'07 4 0' , . s. a1,
,.

4

' 2 erv't:, ;. . _ -

.

.
-"'

ay
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. .

.

for studentsWho were so identifiedIfor the low-structuring group,
v,--.

., . ! . '
. .

. . .
-

,, .

thellig* and loW-structuring'groups of students identifiedon the basis

and for

of the MINERALS Concept's Structuring Tisk. Using a t-test for independent

groups, we tested the'Significance of the difference beti.reen the means of.

. the high= and/low-structuring grodps on each score. .,
,--,

,

-1,',, In addition to obtaining students', scores- on the verbal problem parts
,,,s :. -, , .44.,

,

- . > of the written test, welalso tallied the number ofcorrect and incorrect
,-_

'

. .

,
responses for-each of the 17 Anafogie(s Items and eaLli of the 12 Set - Membership

4 4
,

Ltems both before.and after instruction. Using these tallies, we tested the

.

r
statistical significance of the pre- to post-instrtiCtional changes in res-

ponses for each item by means of McNemar's chi-square test of change (McNemar,

c's
1964). To compare the performances of the high- and low-structuringgropps

,of-students on-each of the Analogies and -Set- Membership Items,. we calculated
.7%

theproportIon'of correct responses for each group and tested the.statistical
-

significance of the difference betOen proportions by using a chi-square,

test. This was done for both pre- and post-instructional administrations

of the written test and for the groups identified,by both the ROCK and the

MINERALS Concepts Strdcturing Tasks, We used-the four comparisons thus avail-
.

able to .dentify those items on which' students tend to

perform better tan low-structuring students. .TheSd'analyses of-individual

. -

items provide more detailed information about students' perfOrmance,than the

scores for a whole set of fiems:

13
.
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Findings_

-Pre-7&.Post-Instructioitill Changes in,,SCoi.ts )

.

In this,and the follbwing two sections, we,piesent the results of

analyses of nine score Variables, viz.:

,

Geology Knowledge Items--ainsisting of items administered. both

before and after instruction to test the students'knOwledge of the

geology subject matter in the ITENiperals and Rocks; maximum pos-

sible scoye: 45.

Variable 1 Pre-instr4Ctior score

Vafiable 2 - Post-instructional score

. .

Geology Knowledge Percent -- percentage ;of correct responses on the

12

geology,4nowledge pretest with a ,total of 45 points and °lee geol-

ogy knowledge posttest with a total Of 62 points; maximum possible
0

score: 100.

4,

Variable 3 - Pre-iiistructional score

Variable 4'-'Post-instrUctional score

Analogies Itemsmaximum possible score: 17
)

Variablt 5 - Pre-instructional score

,

Variable 6 - Post-iristructional score 1-

. . , , ,

Set-Membership Items--maximum possiblescOre:% ..12 . ,

0,1

l Variable. 7 - Pre-instructiftar Score -
i

.

Variable 8 - Rbst-instructional score

I.Q. - Variable g

Forpach of the nine viriabies just described, the'means and,stanaard

errors for all 30 students j.n the .study are presented in Table 1. This table
,

also shows_the pre- to post-in structAnal changes in mean scores on Geology,

Knowledge Items, Ge0ogy Knowledge Percent, Analogies Items) and Sex-Membership

4

-



Items. The statistical significance of each of these changes was tested

- 'using a t-test for correlated means,'and the results of these,tests als

4

are shown in Table.): We found that the pre- to post-instructional. g s

in mean scores were statistically signifiCant (p <.01) for Geology K owfedge

Items, Geology Knowledge Percent, and Analogies Items, but there w. nova ,

significant gain at the .05 level for the Set-Memb'e/ship Items.

13

INSERT TABLE 1 ABOUT HERE

. .

Comparisons of High- and Low-Structtring Groups

As described in the discussion of our methods of analysis,, we'identified

10 studentsin the high-structuring group and 12 students in the low-structuring
o

group on the basis of the ROCK Concepts Structuring Task. For these two groups,

the means and standard error's for all nine variables are presented in Table 2. .

This table also shows the result of the t-tests used to test the statistical

sign ficance of pre- to post - instructional changes in mean scores':

INSERT TABLE 2 ABOUT HERE
ti

The,statistical significance of the difference between the means, on each

variable for the 'high- and low-structuring groups was tested using a-t-test

for independent:meant. The results of these tests are presented in Table a.

Using these results and those shown in Table 2, we can compare the several

'scores obtained by the high- and low-structuring groups that we identified,

from the ROCK Concepts Structuring Task.

INSERT TABLE 3 ABOUT HERE .

4W
Before,instruction the high-structuring group perforMed better than the

low-structuring group (difference between means significant at the .-05 level),

in both the Geology Knowledge Items and Geology. Knowledge Percent scores.

15 .4
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FOr both scores" the pre- to post-instructiOnal gains in the means were stati,,r

tically significant fO'r both groups, but the low-structufinggroup improved

more than the high-structuring,group. Consequently, the post - instructional,
' A '

. -)
differences between the means for both the Geolo gy KnoWledge Items' and ler-

i'

cent scores for the two groups arefna'Statistically Aignificant.(p>.1).

- --We observe a similar result for the Analogies Items score. Here the high-,

\

'T structuring group's pre - instructional mean is significantly higher (p <.011

`AI

than the mean of the low-structuring group, but

post gain is statistically significant (p .01)
,

group's gain is not. Consequently, the post-instructional difference between

the latter group's pre to

while thehigh-structuring

the means of the two groupson the Analogies Items is not statistically sig-

nificant at the .05.1eve1.

The high-stmcturinlgroup

on the Set-Membership Items sco

significant at the .05 level)..

also o tperformed the low.-structuring grOup

.;

re before instruction (difference'between'means

Here, however, the pre- to post-instru9tional

gain was statistically significant (p .<.05) for the high-structuring group

while the low- structuring group did .not gain.' The post) instructional dif

.ference between the means of the two groups on thq Set - Membership Items is

, significant at the .or level. .Finally, the difference between the-two, groups'

means on the I.Q. score:is significant atthe .05 level.

,
In addition to designating high- andelow=Struauring groups of students

on the basis of the ROCK Concepts Structuring Task; we also employed the

Student response structures from the MINERALS Concepts Structuring Task to.

identify .high and low groups.. Using the criteria described in the discussion-

of our methods of analysis, we identified 9 $ nts in the high-structuring
t-

grOup and 10 students in the low-struCturing grotivon the basis of, ther

MINERALS Concepts Structuring Task. Of these'9 high-structdring group

students, S also were members-of the high-structuring group ofROCK Concepts,

.

o



, .
', I° . 4.

'II
o

sand of the,10
,

low-structuring group students On MINERALS Concepts, 7 also

15
.

. .
. , ....

were in thelow-strupturing'group on ROCK Concepts. While the overlap in

memberghip of the high -.,and 'low-structuring groups based on the two Concept
,

p

, .. -. .

,, Y

.

Structuring Taskt is considerabre, the perfArmance of the .high and low
.

,

.,- 1'
,- I

groups on MINERALConcepts was somewhai different from the high.and low
,--

)

groups _on ROCK Concepts` on tht nine variablesfpr which spores were obtained.

In Table 4 we Presentf.the means and standard errors for all nine

variab s and the significance tests for pre-"toipost-instructional changes

in mean teores of the high- and low-structuring groups on the basig of the

MINERALS Concepts Structuring Task. Table 5 shows,the,signifi-
..

cance tests for the difference between the means on-each variable for the -

'high- and lowfstructuring groups.

o

INSERT TABLES. 4 AND 5 ABOUT HERE

-

The first four lines of Tdble 5 shoW that the means of the sigh-structuring_

group for bothGeologY Knowledge Item's and Geology Knowledge Percent scores

were higher than the means of the,low-structuring group both before and after

instruction, but neither difference is statistically significant.-.(p >'.1) on

either occasion. Nevertheless, as Table 4 shows, both groups made st*isti:

significant pre- to post-instructional gains in mean-scores for both

Geology Kfidwledge Items and Geology Knowledge Percent. Both groups also made

statistically significant gains in eans for the Analogies Items scares
.

from before to after instruction. HoweVer, we see in Table.5 that tWe

ference between the.meansof the high- and low-structuring groups for the'Anal-
, a

ogies. Items scoresis not statistically significant at the .05 level.either

before or after instruction.

For the Set-Membership Items,scores, Ile difference between the means of

1'7

r



40, °

'V'..,\ 4
4 . ,

the high- and-low-stru. turing groups is statistically significant fp 4:0p :',
. 1 .,

.

. .
..

I,
44,1.- .i.A, , ,,

'before inStrffction,; as well as after instruction: The prertogost-,
x .

. -P'
4.:. . o , 4 -

instructional gain in
4

the mean score.of the high-struCturing''group is signif-

icanticant at the .05 level, but there...is no change in the mean score of the.low-'

structuring group. Finally; compasing the mean I.Q. scores of he high-

%

and low-structuring groups, based on the MINERALS Contept,Structuring Taslik

we see that their differtnceis not statistically significant (p := .1).

Summary of Score Comparisons

,

,statistically significant for the total group (Table 1) also are statistically

The three pre- to post-instructional gains in mean scores which are

significant for each high-sand low-structuring group (Tables 2 and 4), whether

identified on the basis safIthe ROCK Concitts or the MINERALS Concepts Structur-

ing Task. Thus, improvement from before to Ater instructiOn'was made in the

"Geology Knowledge Items, Geology Knowledge 'Percent, and Analogies Items scores
. -

for both the high-structuring and the low-structuringstudents. The findings

different, however, for'the Spt-Membership Items Score. Here, tte pre-

to post - instructional gains in mean scores are statistically significant for
,

the high-structuring students, identified by either set of concepts, but no
t

statistically significant improvement is shown by the low-Structuring students.
.

,

We'also have four mean Stores that compare high- and low-structuring
. < *.. - .

students' s4ccess, in solving verbal problems.- Whe4he groups are identified
.

.

on the basis of the ROCK Concepts Structuring Task, the high-structuring

.pup performs significantly better than the low-structuringigroup in three

of the four instances, viz., on t he alogies'Items before instruction, and on

the Set-Membership Items both bifore and after instruction (Table 3). When

t.
the groups are identified on the basis of the MINERALS Concepts Structuring

16
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A

Task, the high-structui'ing 'group perforts significantlyiettier than the low-

structuring group in two ofthefour instances, viz:, on the Set-Membership

Items before and after ,Instruction (Table 5),. We also note in Tables 3 and

5 that in those instances where the mean score of the high-strticturing group
. ,

on the Analogies or Set-Membership Items is not significantly different at

the .05 level from the mean score of the low-Structuring group, 'the observed.
SA

difference does approach this leVel of statistical, ignificance, The prob-
.*

abilj.ty of obtaining a t-valug as large as the one calculated isless.than

.10 it each Of these instances. All in al?, the comparisons of mean scores

provide some positive evidence that students identified as bein2 in a high-
%

structuring,group are'more successful in solving verbAl problems than students

in a low-structuring group.

Analysis of AnalOgies and Set-Membership Items

g For each of the 17 analogies 4ems and 12 set-membership items we compared ,

the pre -and post-instructional iediormanCe, of -students in the total group by

,
--\

using chirsquare to tesethe significance of the changes incorrect and itcor-
.

.

1 rect responss_to the ittem. Table 6 displays those items for which the test

of change yields a statistically significant chi-square (ndf 1) at the .O5

level or less. It is interesiting to note that there is a statistically sig-

nificant pre-post gain for only
.

3 of the 17 analogies items, even though the
.

pre-post change in the Analogies Items mean score (see Table 1) shows ai
/")

increase of more than 2 itrs correct and is statistically significant at the

.01 level. This gain in the mean score for all students, then; is.due primar-
,

ily to,mbdest (i.e.,not statistically significant) improvements distrikuted

amoWgmany of the analogies items.

INSERT TABLE 6 Xbouf HERE -

. . . 00000 000 , oo , . .

Examination. of the items in Table 6' also reveals two other noteworthy

19
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t

features. .First, fol. the 3 analogies items which showed 'a statistically

signi?iCant.pe-post gain, the fmprovement can reasonably

,.
specific knowledgeiihich the students probably acquired from studyin

ITE Minerals ifideRbeks. For example, with reference to the third item,
l

.4 I

the information that sea shells are composed of calcium carbonate is specif.:

18

aitrib ted to

the

. .

ically taught in the ITE. 'Second, the,last item in Table 6 showed a Statis-.
'

1-- 1

ticall$ significant pre- to post-instructional lossifn the proportipn of

all students getting it couect. In the-information about t is same set-
.

-membership item given in' Table 8 (below), we-observe that n arly all of the

in the low-
.-

.$

pre -post loss as probably dutto the performance qf studen
. ;

structuring group, whereasthe proportion of students in t

group who give the correct'resPorise forthis'item does not

e high - structuring

hange..

Not only for this one item, but for, each offrt5einalo ies and set,-

membership, we sought to determine whether the high -stmt ring students

tend to perform better than the 16w-structuring students. Ado so, wi

made 'four comparisons_of the proportion of students in hi and low-

structuring groupsgroups

'square to test the significance of the difference between the proportions,

who gave the' correct response to each tem.,' We used chi -

and chose a p of :20 as the level*of significance for this testa For an

'item to be selected' as one on which high-strueturilutudents-tend/to per7
,

form bette than low-structuring students, the calculated-value of chi-squar
.

had to hive a p less than .20,in at least two Of the four_ comparisons and a
;--

p less than .05 in at least one comparison. ,The'S analogies items which met

this criterion are displayed in'Table 7, while Iniblic-8 displays 7 set-

membershii) items on which high-structuring 'students

than low-structurimg students.
A

h compariSon

tend to perform better

(RI; 10, MI, and MF;,*

the propOrtion of high--and lo -structuring students who OW the correct'

20
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responSe to theft:tem also is shown in the tables. From examinations of the

items inTables .7 and $, we can obtain' some additionalinsight into pos-.

sible differences between 'high- and low-struc'turing spudenis.'
o

44

cussed in the fcillowing section.--

ese are dis-,
t, p ).

,
,

INSERT TABLES 7 and 8 ABOUT HERE,'-'

t. - _

Discussion

4
. .

'*

A careful; analysis of the items that comprise the three'parts of the

..'
,.

pre- and post-:insttUctional written test-IndicaAs that, with very minor
: 14 /

. exceptions; the items sample,terms and relationships from a small; very
,

.

At

well-defined content domain. For example,'orthe 47 analogies items, oily,,

3-contain terms that are not included in the ATOM, ROCK, and MINERAL
, 4

.
Concepts Structuring Tasks (see Figtire 1). Only one of these analogies

'.'. .
, .t

-

itIms.tests a relationship not included ine expert&structures of the
.1. , .

. , .

three task114 Of tOt=12 set-membership items, only 2contain terms not,

included-in the structuring tasks: .4t,is inteesting, therefore, to

. ,

speculate on possible reasons for the observed differences, in the total

'group performance on the Set Membership Items and on the Gesildgy Knowledge,
,

t.,
and Analogous Items. ,

,..--,.,,The total group amde significant improvelirenton the Geology Knowledge

pa Analdgies Items, but only the students in' the tigh-stiipcturing groups
- .

made_ significant gains'in the Set-MemberAhip,Items..lihis suggests that
.-. .

7
.

6 -some factor or factors other than knowledge:(1:e ability,to recognize and

. .

. define the terms And ability tcidentify the relationships among the terms)'

contribute to the scores. Moreover, these factors contribute more to the

Set-Membershipscore.T.han to theGeology Knbwledge r Antlolies score._

We tentatively hypothesize that the pr ssing deiands.of

21
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20

f=1.

membership its are pester thanthe processing dematids foi'4he analogies
.0

and that the sitcific prockssing...ability is relatedto.the nrocess o fa impos-.
f-

.1 '1/41=a '

ingstructure on.info'rMatioff. In comparison with the analogies itemg, the

fi

'set-membership items arequite unstructured. We hypothesize-that to solve

,$
the problem which theAlem_presents',..the student must.literally create a

e.
4._,.kflowledge'str ucture thatrelaies,11 but one of the.t4s irP the item in

coherent way. 'It is4hteresting.t note that we have some evidehce that

.

students were generating structu es using relationshiPsiether than those

taught in the instructional Ope.set-membeTsAip-ip tem consists

of these terms: calcite, diamond, granifelhafite.':, Ail the -students who,

Por.
got this item 'wrong. lected diamond as their response. This indicates

0
.-

Sr4 -...-

that `they chey had n onsi,dered-the geoloPic relationships among the ems ,but
13... .

,,,
,

,. ,
r".

''had simply noted that three of the terms were related by. the common graPhemic
.

'

$16..,
'0.-1

, ,

ending, -it e. , .

'.% k
t o

. 4 .

The ,interesting differences we have noted-between students', success in
. 4 .. }

. . o

r
solving,, the analogies and set-membership iteMs'suggests that.thee verbal c"

:.
,

problem types might be useful for.pkoliiingtheointerdetion4oi'knowlecge-and

process in the solution of simple v.er'bal problems.

av
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Variable

.Table'l

Medns and St dard Evors_of all: Variables for the
Total Group and Pre- to Post-Instructional Changes

Ogg= 30).

;s::-:

PRE, to POST Changes

Difference S.E t

1 Geol ,PRE 22.30 0.80

2, Geol ( POST 28.43 1.0e +6.13 0.88 6494 <.01

3 Geol % PRE 54.23 1.95

4 Geol % POST 63.73 2.29 +9.50 1.78 5.32 x.01

5' Analog PRE 7.13 0.47

6 Analog POST 9.23 0.54 +2.10 0.52 4.04 <.01

7 Set-M PRE 5:43 0.29

-8.Set-M POST 5.73 0.40 '+0.60 0.31 1.92 .1> p> .05

9 :I '109.33 .2.12

,

O

-4.

a

0(
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Table 2,

Means and Standard Errors of All Variables for the High-
and Low-Structuring Groups on the ROCK Concepts-

. Structuring :Task and Pre- to Post-Instructional Changes

A

Variable 'Mean S.E.

Le

High-Structuring Group 0

on ROCK Concepts (N 5 10) .

1Geol'. PRE 24.40

2 Geol -POST 29.70

3 Geol % PRE" . 59.20.

4 becii POST : 67.8.0

5 'Malin:PRE Y 9.40,
0

6 Analog POST 10.40

Set-N4 PRE 6.00,

8, Set-M POST 7.40.

9 I.Q. 116.30

PRE to POST Changes

Difference S.E. t

1.46
.

1.74 +5.30 1.61 3.30 < .01

3.57

4.29 +8.60 3.94 2.82 < .05 ,

0.48
L.

0.810 +2.00 0.70 1.43 > .1

0.36 N.

0.72 t1.40- 0.58 12.41 < 705

3.91
dir

Low-Structuring .Group

on ROCK Conpepts (N.= 12)

1 Geol PRE :, 20.00 1.18

.12 Geol POST 26.00 1.90

3 Geol % PRE / ,48.75 2.88

4 Geol. %. POST 59.58 3.73

5 _.Analog PREA '5.67 0.72

6 *Analog POST 8.25 b.82 r

('

7 Set-M PRE 4.42r '9.48

8 Set-M POST, 4.25 0.35
.

.- , .

.+6.00 1.35 45, ,

e

1,01

< .01

+10.83 . 2. 82 3:84 < .01

+2.58 0.83 3.11 < .01
. ,

-0.17 0.44 0.38 > .1

, 9 I.Q. , 104.42 2.50
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Table 3

SignifiAcance of Difference between Means on Each Variable
finHigh- and Low-Structuring Groups
on the ROCK Concepts Structuring Task

4 Variable, Difference*
between Means
(High-Low)

1 Geol .PRE -4.40 1.86

'2 Geol POST 3.70 2.62

3 ,Geol % PRE 10.45". 4.54

4 Geol'% POST
.
8.22 5.67

5 Analot PRE 3.73 0.90'

6' Analog POST 2.15' 1.16
p ,

.

<\
Set-M PRE 1.58 0.63

8 §et-M POST 3.15 0.75.
I

9 I.Q. 11.88 4.50

. '

"t

237" <.05

1.41 >.1

2.30 <.05

1.45 >.1

A

4:13 <.01

1.85 ? p >..OS

2.52 <.05

4:.16

-

<.01

7.64 ,

0,

ti
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% %;.. , , . A

° 1 ,. leans
. and Standard Errors. of All Va ables for the High-

. -.-/ - mil and Low-Structuring troupq on th- MINERALS Concepts
Structuring Task and Pre- to Tdst- pstruftional, Ganges

,t A

,
t%' . i

Table 4

f

Variable Mean SSE. PRE to POST Changes

Di erence S. E. B 't

. . .4

High Structurinitroup
do MINERALS Concepts.1N = 9)

1 Geol PRE'

2 'Geo]) PI

3i, Geokl, PRE

4 Geol 1 POST'

5 Walog, PRE

6 Analog POST

7 .Set-M PRE

Sgt -M POST

9 I . Q

24.44 1.71

.30.33 1.85

59..44 4.12

70400 '1:68

8.22

1 i .00 0.83

5,<89 0.45

7.7g 76

117.44 4.118-

tow- Structuring Grou 4 \
on MINERALS - Concepts.. tIMN

r

Geol PRE 21.10

2 Geol y.`, POST

3 Geol % PRE

-%., POST
- .

S 7 'Analog PRE

6 Analog POST

Set-M. PRE.

, & Set-M POST

9 . II. Q.

27.60

i511.40

6Q.80

.6,. 10

1.53_

66'

3.72

4.82

0.89

6.50 .0.91

4.20 0.33

4.20- 0,.51

108.50 3.18

.

+5.89 1.113 . 5.20 7

7.

+10 :56 35

8 0.71 -

+1.89

4

0.61 5.09 <.04

+6.50

.

. -

*

.72 3.7.8

+9.40 2.71

+2.40 0.78 3.09
.<

.05



'Table S

Significance of Difference between Means on Each Variable
,4or,High- and Low-Structuiing drOups,
on the'MINERALS;Concepts Structuring Task

.1
..

7
', 154fei'ence S.E. t p
r. befigeen Means'

(High-1,6)
'. -..

.
.:..

1. .

.1.
I Geol PRE ., 5:54 - 2.29 1.46 >.1

, /)
-i.-,

21I Iuegl JOST / 2.73. 3.29 Q.83 > .1 .

1 3 Geol % PR, 8.04
a

$.54 1.45 -
. , .

2t; -

4r leol %',PO 9.20 " . 6.39 1.44 > .1 .

. (.-

5 Analog9RE 2.12 1.18 t.80 .1 > p > .051.0 ,...
,

.

24
.

7 Analog POST k, 2.50.) P. 2.01' .1 >. p > .05

4 f
1 .

. -:.

7 "Set -M_ PRE' -;0 1.69 0.55 3.06 , <.01
. . 4

' stjmi,"-posrs . '3.5 00.90 3.98 < :01
..

.) t . .
, , .

"9 -1.Q..
. 8.94 45.,14 1.74 -f. 4, 21'1. II cr

.r

..,--... . v r4---- .

N. -.\
.

---..
. ,

*

N.

,

7

1 4-
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Table 6

Analogies and Set-Membership Items with Significant
Pre- to Post-Instructional Changesfor the Total!@roup

(N = 30)

lsediment is tosedtmentary nick as

sedimentary and igneous rock are
to

C is to .CaC0
3

as

to ompound

sea shell is to
diamond is to carbon

heat and pressure.
metamorphic rock
limestone and granite
metamorphosis_

is carbon

Cross rata the.word that does

crystalline structure

crystal
a

as

molecule
element
atom,

natural

calcium carbdhate
molecule,
atom

not belong with the other three:

inorganic

ice

naturally occurring organic

water water vapor

Proportion -)Li for
Correct Change

PRE

lir

POST

.67' .83

.40 .70

.20 .47

.07 .38

..76 . .52

5.00 <.05

5.40 <.05

6.40 <.02

6.23 <.02

7.00 <.01

0

29



Table 7 v

$.

Analogies Items on ich High-Structuring Students Tend to
Perforin Bettet thah Low-Structuiing Students

carbon is to atom, is

to molecule

halite is to NaCl as table salt is
to

..e

Mineral is to inorganic as-
sea shell is to , 't

.

sea shell is to
diamond is to carbon

,

mineral is to as

bread is to made by humans..,...

as

.
.

.t

V.
Group*

Proportion

Correct
High Low

1.2 for

Difference
. P

diamond RI .60 .17 ',. 4.43 5

calcium carbonate
compound

RF°

*MI
.40

.33

.25

.20 .

0.57
0.43

N.S.

N.S.'
,

element° MF .44 .10 2.90 <.10

NaC1
.114 .90 -.42 5.51 <.05

molecule 'RF .70 --:t.42 1.77 <.20
atom MI -.77 .40 2.77 <.10
cube

4

animal

MF

RI

.88

-

.80

.60

,25,

2,04,

6.60 2\

< ;20

<.0
-tryttal RF .80 ,.50

/
*2.12 <.20

organic. MI .44 .40 - 1.17 N.S.

.
*naturally occurring MF .66 .40 1.35 N.S.

4
natural RI; i0.40 0 08 3.12. < . 10

calcium carbonate RF .60. .33 1.56 N.S.
molecule MI .33' .10 1.55 N.S.
atom' MF .66 .30 n5.12 <.05

unnatural-

flour
quartz.

RI,

RF

MI

, .90

,70

1.00

.58

.58,

.70

2.76
..32

. 3.21

.<.05 -,1

N.S.
<.10

natural MF .77 .70 Q..15 N.S.

*R indicates groups identified on basis of ROCK Concepts
M indicateiLgroups identified on basis of MINERALS Concepts
I indicates pre - instruction test **.

F indicates post-instruction test
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Table 8

Set-Membership Items on which High-Structuring Students Tend to
) Perform Better than Low-Strticturing Students

'1111-

Cross out the word that-does not belong -

.

',

Group*

RI

RF

MI
MF

RI

RF
MI

MF

RI

, RF

MI

MF

RI

RF

MI

MF

RI

RF
MI

MF

Proportion
Correct

High Loy

1.00 .55

Lop .91

.88 .66

4.00 .88

0.00, .18

.50 .09,
0.00 .11

.66 .4

1.00 .64

.90 .64

.88 .88

.77 .66'

.10 0.00
:40 0.00
.11 0.00
.44 0.00'

130 .09

.60 .09

,.44 0.00-
-.66. .11 ,

2
.X for

Difference

1;97

.96

2.68

.27

2.01
4.30
1.06

5.58

-,9.55

6.39
0.00

k."' .28

1.15

5.44
1.06

5.14

1.49

. 6.11
5.14

5.58

-

p

.05
N.S.

.20
N.S.

<.20
<.05
N.S.

<.02

4.0f
<.05
N.S.

N.S.

N.S.*

<.05
N.S.

<.05

N.S.

<.05
4.05
4.02

with the other three: ,,..,

y

lava

limestone

, sandstone
shale

crystalline structure
inorganic

naturally occurring
- toorganic

landform
/ mineral

rock .

table Salt

,.. carbon ///
crystal

.

.,diamond
graphite,

compound
element

mixture
.solUtion

t .

*R indicatesgroups identified on basis of ROCK"Concepts
M indicates groups identified on basis of MINERALS Concepts
I indicates pre-instruction test.
F indicates, post- instruction test.

.



Or.

Table 8 (continued)

Cross out the word that does not belong Group*

Proportion

Correct
Hi h Low

7'

le for
Difference

.

with the dther three:

crystal RI .70 ..82 .40 N.S.

RF .70 .27 3.83 .05

water MI .77- .66 .28 N.S.

water vapor MF .77 :22 5.56 <.02

AD
sedimentary rock RI 1.00 :73 3.18 <.10.

sandstone RF .90. .73 1.01 N.S.

.mineral MI 1.00 .66 3.60 <.10

limestone MF .77',.66 .28 N.S.

8

*R indicates.

M
A
indicates

I indicates

F indicates

32
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r4

0

4

Figure 1
41.

'

Integrated Structure Showing Hierarchical and Transformation
- Relationy Of the Thirteen Words in the ROCK Task

'3'



7- .
COMPLEXITY

STRUCTURE

0

;Ctl?.
,..

W -1,.. W =2

'W:r-d3 GW:o4up

W-5

...... ,,,,,

. CLASSES OF STRUCTURES*.

.
..,.

CLASS
, ,

-

ATTRIBUTES OF THE MSS
4 ,

.

W-6 - integratioh of hierarchical structure and transformational
. .

structure into a single structure

W-5 hierarchical structure plus fragment of transformational
structure l .

W-4 hierarchical structure or transformational structure

W-3 fragments of, the hieiarchical,and/or transformational
structures

.
.

W-2\
IN

two or more words related by a
,

single technical or generil
usage label

i

W-1
,

two or more words, unspecified relationships,
...,

G

C

two or more words related by a single morphological
characteristic

Figure 2

Attributes and Classes-for ROCK Structuies
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4.

Practice Task

ti?
1

body
ears

eyes ,

face

foot
heel

metatarsus
nose -

soul
toes

X

,s

to

'

metamorphic

C

..

ATOM Task

atoms
chemical compounds
cheMical elements

chemical

molecules . .

0

f.,

Sample

.

7.6 cm

MINERAL Task

C

CaCO3
calcite

calcium carbbnate
carbon
10

diamond

graphite

'.Jialite

.
6.3 cm,

inorganic solid
substances

limestone
mineral
NaC1

'.shells of sea-
'animals

'Substances with a

characteristic crys-
talline. structure

.substances with a
definite chemical
composition
naturally occurring

substances 7;

table salt
. .

Figure S , '-

O

Card and Words Used in Conce1 Structure Tasks

ROCK Task

granite
ignqous

lava
limestone

magma
marble

metamorphic
pumice
rock

sediment
sedimentary
shale
slate I

r
36
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,

I C

... ,-.. 4,. 4. '.) ,e a

A

-

.,

4

ineral
tea- et,

a

,
1 1%vosubstance with substance with a ' naturally

,, inorganic'
a definite'chem- characteristic -occurring
ical composition crystalline structure' substance

solid
substance

(.1) (])
"kt

. C)--. .

Figure 4
r

Miheral Definition Structure
t

,

4e

Figure SI

/

Mineral Class Memb rsbip and Non-Membership Structure

Figure 6

. .

. Rock Composition Structure -. .
b

.

.1 s



itTR IV IAL4 NAMES "'

CHEMICAL NAMES

CHEMICAL FORMULA /

diamond

.

.1'
_,

.

ins

carbon

.

graphite

co ains

,

.

.

.

/
':calcite *limestone

..

.con ins c

calcium
.

.

. .

. .

CaCO3
.

sea shells

tains co tains

carbonate

halite

_

c ins

.

(sodium

Air.

r NaC1
:

table alt

c tains

chloride)*

.

. , .

con

.

,

* el *not uded in the sort

38
ti

Figtire 7 (
.

/

Chemical Relations Structure °

.

4

1-

39'



mineral

Us of -sea

'animals e not

(]).

inOt

'shells of

sea athmai

are -Cqmpose

,-CaCO
$1.3

Mp

J

tit .

.

mineral

'. grzphite
is a

(I) 0

graphite

i8 composed of

7 .

min

cdlcite
is a .

w,

4.2

$

FigureS
7 _

mineral

ite..

,is a

halite
,

is c gd of
,

Nan

.0rigini of Chemical and Geological Distinction

342 .

c

41'

10.
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P.

ft

OF
STRU E'

-G W-1 W-2- -,JW-3 W-4 W-5' W4.,II c

Grou
drd Group

p

CLASSES OF STRUCTURES

.

CLASS

_
f .

0

ATTRIBUTES OF THE CLASS
4 ,

W -6 integration of relationships among three or more terms
integrated with characteristics of minerals

0

W-5
. ,

relationships among four terms, ex. lim4stone(rock)
*--iacalcite(mineral)*-40calcium carbonate(chemical
name)4E----)0CaCO

3
(chemical formula)

.

W-4
*0,

relatiOnships among three terms:
,

.

diamond(---->C 4--iocrystallihe structure
.

W-3
,-#e'

-,
relationship between two'terms:

table\ salt(--->NaC1
,

W-2
t .

two or more words related by a single technical dr
general usage label, ex: group of minerals, group of
non-minerals or group of characteristics of minerals,.

W-1
.

Two or more words, unspecified relationships

G two or meme word related by a single morphological
characteristic 4P4

Figure 10

Attributes and Classes for MINERAL Structures-
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